Abstract-Contracting for construction services is an inherently risky venture for the owner, design agent and contractor. All of these parties are exposed to unanticipated risks, exposure to economic loss and unforeseen contract liability while performing under the contract. Project risk management, therefore, has been recognised critical for the construction industry to improve their performance and secure the success of projects. Risk assessment is the most important step in risk management. Classical methods for risk assessment are no longer accurate and effective, therefore, many papers introduced fuzzy logic as a more accurate and effective technique in risk assessment. In this paper, a comparison between two fuzzy risk assessment methods; Nieto-Morote and Ruz-Vila [1] and Kuo and Lu [2] is done using the same input parameters which are risk probability (RP), risk impact (RI) and risk discrimination (RD) to determine if these methods give the same risk ranking or not. Actually, the comparison results in different risk ranking, because the Nieto-Morote and Ruz-Vila [1] method depends on minimization error tool to minimize inconsistency in results, and this tool always doesn't give optimum results, while, we can consider Kuo and Lu [2] method more accurate because it depends on eliminating the inconsistency in results using a transformation process step to remain the decision matrix with reciprocity and additive consistency.
First of all let us define the meaning of risk from different perspectives; engineering, technological, financial and economical points of view [4] . Project risk is defined by Project Management Body of Knowledge (PMBOK) [5] as an uncertain event or condition that, if it occurs, it has a positive or negative impact on, at least, one of the project objectives such as cost, time and quality.
Mark, et al. [6] defined "risk" as the potential for complications and problems with respect to the completion of a project and the achievement of a project goal. Chapman and Ward [7] defined risk as "the exposure to the possibility of economic or financial loss or gain, physical damage or injury, or delay, as a consequence of the uncertainty associated with pursuing a particular course of action".
Bufaied [8] has described risk in relation to construction as "a variable in the process of a construction project whose variation results in uncertainty as to the final cost, duration and quality of the project " . According to Dey [9] , such variation is due to the absence of risk management techniques in project management. Hence, risk management, as defined by Toakley [8] is a procedure which controls the level of risk and mitigates its effects.
Risk management process consists of three main steps; risk identification, risk assessment and risk response. Risk identification involves identifying the source and type of risks and classifying risk according to risk source. Risk assessment is the process of prioritizing risks for further analysis by assessing and combining, generally, their probability of occurrence and impact. Risk response is the choice of a proper strategy to reduce the negative impact of the risk [8] .
II. Fuzzy Risk Assessment
The concept of fuzzy sets and theory was first introduced by Zadeh [10] where data are defined in terms of mathematical logic rather than vague and linguistic terms such as low probability or high impact.
Many papers introduced fuzzy logic as a risk assessment tool in construction process but with different methodologies. Kangari and Riggs [11] use fuzzy sets in natural language computation, risk evaluation and linguistic approximation. Also Wirba, et al. [12] assesses the risk`s likelihood of occurrence by using linguistic variables. Choi, et al. [13] fuzzy-based uncertainty assessment system considers While Carr and Tah [3] implements a hierarchical risk breakdown structure in a fuzzy risk assessment model using linguistic variables in definition of risk factors which are the likelihood of occurrence (L), the severity (V), and the effect of the risk factor (E) and formulation of the rules describing the relationship between these factors to determine the value of risk. Also Zeng, An and Smith [14] applies the modified analytical hierarchy process with fuzzy reasoning techniques to provide an effective tool to handle the uncertainties and subjectivities arising in the construction projects.
From the most popular papers, Wang and Elhag [15] who uses fuzzy group in designing a decision making approach (FGDM) to evaluate risk factors in bridge construction. The FGDM approach introduces the values of risk factors which are risk likelihood and risk consequences in terms of triangular fuzzy sets. All the consequences are assessed against four criteria; safety, functionality, sustainability and environment. The risk rating is a fuzzy multiplication of risk likelihood and consequences. The model provides two alternative algorithms to aggregate the assessments of multiple bridge risk factors, one of which offers a rapid assessment and the other one leads to an exact assessment.
Both Nieto-Morote and Ruz-Vila [1] and Kuo and Lu [2] introduce fuzzy risk assessment models with Analytic Hierarchy Process (AHP) using sequential pair-wise comparison matrix to evaluate the relative impact of identified risk factors on project performance. But Nieto-Morote and Ruz-Vila [1] formulate risk rating in terms of risk impact, risk probability and risk discrimination. All these factors are expressed in terms of trapezoidal fuzzy numbers to capture the vagueness in the linguistic variables. While Kuo and Lu [2] evaluate risk in terms of relative impacts and probability of occurrence using consistent fuzzy preference relations (CFPR) to investigate the relative impact on project performance of identified risk factors and dimensions and the fuzzy multiple attributes direct rating (FMADR) approach to analyze the multiple risk factors' probability of occurrence which is defined in terms of triangular fuzzy numbers.
III. Basic concepts on fuzzy sets
A fuzzy set is a collection of elements in a universe of information where the boundary of the set contained in the universe is ambiguous, vague and otherwise fuzzy. Each fuzzy set is specified by a membership function, which assigns to each element in the universe of discourse a value within the unit interval [0, 1]. Let X be the universe of discourse. A fuzzy set Ã of the universe of discourse X is said to be convex if and only if for all x 1 and x 2 in X there always exists:
where µ Ã(x) is the membership function of the fuzzy set Ã and λ Є [0, 1].
Fuzzy numbers are special cases of fuzzy sets that are both convex and normal. A fuzzy number is a convex fuzzy set, characterized by a given interval of real numbers, each with a grade of membership between 0 and 1. Its membership function is piecewise continuous and satisfies the following conditions: The most commonly used fuzzy numbers are triangular and trapezoidal fuzzy numbers, in this study, the trapezoidal fuzzy numbers are used whose membership functions are respectively defined as
By the extension principle [10] , the fuzzy arithmetic operations of any two trapezoidal fuzzy numbers follow these operational laws:
Fuzzy addition:
Fuzzy subtraction:
Fuzzy multiplication:
Fuzzy division:
The scalar multiplication of a trapezoidal fuzzy number is also a trapezoidal fuzzy number defined as:
Fuzzy sets can also be represented by intervals, which are called α-level sets or α-cuts. The α-level sets A α of a fuzzy set Ã are defined as [15] 
According to Zadeh's extension principle [10] , the fuzzy set Ã can be expressed as 
Fuzzy division
IV. Methodology
The aim of this paper is to make a comparison between two Fuzzy risk assessment methods introduced by NietoMorote and Ruz-Vila [1] and Kuo and Lu [2] using the same values for input parameters which are risk probability (RP), risk impact (RI) and risk discrimination (RD) to determine if these methods give the same risk ranking or not.
The risk impact parameter investigates the potential effect of the risk on a project objective such as schedule, cost, quality or performance. The risk probability parameter investigates the likelihood that each specific risk will occur. While the risk discrimination investigates the impact of the risk to the overall framework of the project. a) linguistic measure of RI and RP by using the linguistic terms shown in Table 1 .
A. Steps applied in both Nieto
b) Convert these measures into fuzzy numbers using the score system shown in Table I .
c) Aggregate the fuzzy numbers into a group fuzzy number by applying the fuzzy arithmetic average as shown Equations (14) and (15),respectively. Table II shows aggregated fuzzy values of RI and RP parameters for group (D1).
where i is each one of the risks at the bottom level of the hierarchy, m is the number of experts providing RI and RP values, x is the scalar multiplication defined in Equation (8) and is the fuzzy addition defined in Equation (4). Project Risks RDC which is the comparative judgment on the impact on overall framework of the project is provided for every risk pair-wise in each group defined in the hierarchy using the linguistic terms shown in Table I . Each one of the comparative judgments provided, is converted into its corresponding fuzzy number using the score system shown in Table I . And then aggregate the fuzzy numbers into a group fuzzy number by applying the fuzzy arithmetic average as shown in Equation (16). Table III shows aggregated fuzzy numbers of RDC pair wise comparison for group (D1).
) m where i and j are the risks of the group g and the level l in the hierarchy and m is the number of experts providing RDC, x is the scalar multiplication defined in Equation (8) and is the fuzzy addition defined in Equation (4). corresponding to the risks of all the groups and levels in the hierarchy are shown in Table IV .
where i and j are risks of the group g and the level l in the hierarchy and and Θ represents the fuzzy addition and subtraction using Equations (4) and (5).
2) Aggregate RD* in Hierarchy
Assume the risk r i has t upper groups at different level in the risk structure hierarchy and RD
*(j)
group is the value RD* of the j th upper group which contain the risk r i in the hierarchy. The final value of RD for each risk r i can be calculated using Equation (19). The obtained values are shown in Table IV .
where i is each one of the risks at the bottom level of the hierarchy and represent the fuzzy multiplication using arithmetic operations on their a-cuts in Equation (12) . 3) Fuzzy inference step a) Calculate ORF Once all parameters RI, RP and RD are valued in form of fuzzy numbers, the overall risk factor of each risk at the bottom level of the hierarchy is calculated using Equation (20). The obtained values are shown in Table IV .
where i is each one of the risks at the bottom level of the hierarchy and and Ø represent the fuzzy multiplication and the fuzzy division using arithmetic operations on their α-cuts in Equations (12) and (13), respectively. b) Defuzzification The last step is to convert the fuzzy output ORF of each risk at the bottom level of the hierarchy into a numerical value ORF ϫ by using the defuzzification centroid method as defined in Equation (21). The obtained values of ORF ϫ and risk ranking are shown in Table IV . where i is each one of the risks at the bottom level of the hierarchy. Fig. (2) shows the risk ranking starting from the most important (F6) to the lowest one (F18). Table V .
2) Consistent fuzzy preference relations Fuzzy preference relations (P ij ) is the same as risk discrimination (RD ij ) where, p ij is interpreted as the level of preference for risk r i over r j Equation (23) is used to obtain the reciprocal fuzzy preference relation P=[p ij ] for p ij Є [0,1] associated with matrix A:
The other preference relation values for the matrix were calculated using Equations (24), (25) and (26). Fuzzy preference relation for group (D1) are shown in Table VI . 
3) Determining the Priority of Risk Factors:
The matrix was adjusted using Equation (27) when there are preference relations values outside of [0,1] so as to retain reciprocity and additive consistency in the decision matrix.
This method is utilized to assess the relative impacts on project performance of the risk factors. The obtained assessment decision matrix, P'= ( p′ ij ), shows the consistent reciprocal relation. The values of P' matrix for group (D1) are shown in Table VII .
Equations (28) and (29) can now be applied to determine the multiplicative preference relations matrix associated with the relative impacts of risk factors on project performance. The values of matrix A' for group (D1) are shown in Table  VIII .
4) Determining Relative Impact on Project Performance
The last step to explore the relative impact of risk groups and factors on project performance is to investigate the set of eigenvalues _λ for pair-wise comparison matrix A′ for weighting solutions. The reflected eigenvector W of the maximum eigenvalue _λ max shown in Equation (30) is the set of relative impacts of investigated risk dimensions and factors. The final assessment results can be used to determine the priority of the relative impacts of identified risk dimensions and factors on construction project performance. The values of W are shown in Table IX. A 
5) Determining the Probability of Occurrence of Risk Factors
A defuzzification method is used to transform the trapezoidal fuzzy values of risk probability (RP) obtained from Equation (15) into their optimal non fuzzy assessed crisp values, using α-cut approach as in Equation (31). The values of probability (E) are shown in Table IX .
6) Determine Project Risk
The effects and occurrence probability of risk factors should be integrated to evaluate the overall project risk. This integrated computation is presented as in Equation (32). The values of overall project risk (R) and risk ranking are shown in Table IX It can be also observed that the Nieto-Morote and Ruz-Vila [1] method has the advantages of depending on three parameters which are risk impact (RI), risk probability (RP) and risk discrimination (RD), so the data gathered are more than the Kuo and Lu [2] .
VI. Conclusion
Project risk management, has been recognised critical for the construction industry to improve their performance and secure the success of projects. Risk assessment is the most important step in risk management, as if the risk is not assessed, it is difficult to further analyze and respond to this risk. Classical methods for risk assessment are not so accurate and effective. Therefore, new methods such as fuzzy risk assessment methods are need to give more accurate risk ranking. Using fuzzy logic in risk assessment has been introduced in many papers with different methodologies. In this paper, a comparison between two fuzzy risk assessment methods; Nieto-Morote and Ruz-Vila [1] and Kuo and Lu [2] have been done in order to determine if they give the same risk ranking or not, using the same input parameters which are risk impact (RI), risk probability (RP) and risk discrimination (RD). Actually, the comparison results in different risk ranking, because Nieto-Morote and Ruz-Vila [1] method depends on minimization error tool between input values and consistent values, and this tool always doesn't give optimum results, while, we can consider Kuo and Lu [2] method more accurate because it depends on eliminating the inconsistency in results using a transformation process step to remain the decision matrix with reciprocity and additive consistency. However, Nieto-Morote and Ruz-Vila [1] method depends on one more risk parameter than Kuo and Lu [2] method which is risk impact (RI), but Kuo and Lu [2] can be considered more applicable in developing countries.
